The viability and virulence of an 8-day-old culture of a hamster-virulent strain of Leptospira interrogans serotype canicola in Stuart's medium were successfully preserved by the use of liquid nitrogen for freezing and storage. Glycerol was added t o the culture t o give a final 10% concentration. The culture was rapidly cooled at a rate of 65 C degrees per min from 0 C t o -130 C and then stored in the vapor portion of the liquid-nitrogen refrigerator. Prior t o freezing, the viability count and LD50 titer for hamsters were 1.2 X lo8 per ml and respectively. One day after freezing, the viability and virulence values were reduced 10-t o 100-fold but remained essentially unchanged thereafter over a 5-year observation period. The serological properties of the strain did not appear to be altered after prolonged storage. All except 9 of 103 additional cultures of diverse L . interrogans serotypes grown in either Stuart's medium or in a Tween-80 albumin medium were successfully preserved by liquid-nitrogen refrigeration over a 7-to 38-month observation period with glycerol as a cryoprotective agent and a controlled rate of freezing o f 3 5 o r 60 C drop per min. Failures to recover leptospiras could be attributed t o either the presence of contaminating microorganisms or the sparse concentration of organisms in the original preparation. The viability of thawed cultures persisted for 7 days when held at room temperature. The feasibility of storage of stock leptospiral cultures by use of liquid-nitrogen refrigeration was demonstrated.
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Leptospiras are ordinarily maintained in laboratories by regular transfers in appropriate media at 3-week to 3-month intervals (1). Virulence of leptospiral strains can be ascertained only by sequential or periodic passages in laboratory animals. The conventional freezing procedures at temperatures of -20 to -78 C used for preserving other microorganisms have not proved to be consistently successful for long-term preservation of leptospiras (3, 14, 15) . Attempts to preserve leptospiras by freeze-drying have rarely been successful (4, 5 ; Schubert and Sulzer, Bacteriol. Proc., 1970, p. 20). Exceptional and promising results were reported by Otsuka and Manako (6) , who succeeded in preserving viability in 30 strains by freeze-drying heavy concentrations of organisms in a leptospiral culture milieu fortified with a peptone-starch adjuvant. Under the described conditions of freeze-drying and stor- age, all strains were recovered in culture after a 2-year observation time.
In recent years, the need to develop a satisfactory means for long-term preservation has increased because of: (i) the continuous disclosure of new serotypes and consequent increase in number of cultures t o be maintained, (ii) requirements for a large battery of strains for use as antigens in serological tests, and (iii) requirements to maintain and standardize strain virulence for basic as well as applied research. The use of liquid nitrogen for freezing and storing leptospiras appears to afford a practical means for preserving their viability and virulence. Resseler and van Riel (8), Torney and Bordt (12) , and Stalheim (9) preserved leptospiras by using either glycerol or dimethyl sulfoxide as a protective additive to cultures which were frozen and stored in liquid nitrogen. All of 10 strains tested by Resseler and van Riel (8) were viable after 1 year of storage. Torney and Bordt (12) found that the viability and virulence titers of cultures dropped 1 to 2 logs (base 10) after freezing, but thereafter re- Qualitative and quantitative observations over a 5-year period on the use of liquidnitrogen refrigeration to preserve leptospiras are presented.
MATERIALS AND METHODS
Bacterial strain. A hamster-virulent strain (Moulton-ATCC 23606) of L interrogans serotype canicola was used for quantitative evaluation of its virulence and viability over a 5-year period of storage in a liquid-nitrogen refrigerator. The strain was isolated in 1952 from the blood of a sick dog. Over the years, its virulence was maintained and checked by periodic passages in hamsters.
Freezing. The preparation used for freezing was the pooled contents of 40 tubes of 8-day-old cultures in Stuart medium containing 10% rabbit serum (11) . Each tube of culture contained 5 to 7 ml of medium and was inoculated with 1 drop (ca. 0.05 ml) of blood from moribund hamsters experimentally infected with the Moulton strain. All cultures comprising the pool had good growth of leptospiras. The pooled culture was ascertained to be free of contaminating microorganisms by cultural tests on blood-agar and thioglycolate broth. Sterile glycerol was added to the culture to provide a final (v/v) concentration of 10%. The pooled culture was distributed in 0.5-ml amounts in 1.2-ml ampoules which were heat sealed, placed in a controlled-rate freezer (Linde Biological Freezer, BF-4), and cooled at a rate of 60 C degrees per min (from 0 to -130 C) by exposure to liquid-nitrogen vapor. The frozen cultures were stored in a vapor phase cannister of a liquid-nitrogen refrigerator (-168 C) at the American Type Culture Collection (ATCC), Rockville, Md.
Viability and virulence determinations. Viability and virulence determinations were made on the pooled culture prior to freezing and on frozen samples obtained 1 day after freezing and at periodic intervals thereafter up to a 5-year observation period. Samples were rapidly thawed by immersion in a 37 C water bath, pooled, and serially diluted by half logarithmic (base 10) increments with Stuart medium. The concentration of viable leptospiras was determined by microscopic counts with the use of a Petroff-Hauser counting chamber and also by subculturing each dilution in three or five tubes of Fletcher medium (13) . Each tube, containing approximately 5 ml of medium, was inoculated with either 0.1 ml or 0.5 ml of diluted culture. Cultures were incubated at 30 C and examined for presence of leptospiras at 1-or 2-week intervals for up to 6 weeks. The Reed-Muench method was used for viability quantitation (1 2). Titers were expressed as the log, , , tube inoculating dose, , , Virulence titrations were done in 3-to 4-week-old hamsters with 5 or 10 animals used for each dilution. Inocula were given intraperitoneally in 0.5-ml doses. After inoculation, animals were observed for 16 days. The presence of leptospiras in dead or moribund animals was determined by examining blood or liver suspensions by microscopic or cultural or both procedures. The LD,, was calculated by the ReedMuench formula (7) .
Qualitative studies were done on 75 strains comprising 5 1 pathogenic and 3 "saprophytic" serotypes. The strains were grown for 4 to 8 days in one or two tubes of Stuart medium, supplemented with glycerol (lo%), and distributed in ampoules. The ampoules were sealed and then frozen and stored as described. At various times up to 38 months, samples of frozen cultures were rapidly thawed in a 37 C water bath, examined microscopically for the presence of motile organisms, and cultured in at least two tubes of Fletcher medium. In some trials, Stuart and modified Ellinghausen Albumin Fatty Acid Medium (EMJH) were also used for cultural tests (13) .
Additional tests were done on 1 "saprophytic" and 27 pathogenic strains, which were grown in EMJH medium for 4 to 7 days. Glycerol was then added to give a final concentration of 10%. In this series, the cultures were distributed in 1-ml amounts in screwcapped vials (15 by 45 mm). The cultures were placed directly in the vapor phase of the liquid-nitrogen refrigerator. The rate of cooling under these conditions was determined to be 35 C degrees per min from 0 to -130 C. Freezing of 28 cultures in EMJH medium was done at two different times 4 months apart on 7 and 21 strains, respectively. The viability of the stored cultures in EMJH medium was determined by cultural tests in Fletcher medium over a 7-to 16-month period of storage.
Microscopic agglutination and agglutinin-adsorption tests were performed according to described procedures (1, 2).
RESULTS
Data on the viability and virulence of the Moulton strain of L. interrogans serotype canicola over a 5-year observation period are summarized in Table 1 . Prior to freezing, the viability count and culture titer (TIDSO) were 1.2 X 10' per ml and respectively. The LDS0 titer for hamsters was At 1 day after freezing, the viability values were decreased by 1.2 t o 2.0 logs (base 10) and the virulence titer by 1. 8 From a practical viewpoint for maintenance and distribution of leptospiras by culture collections, it was important to determine if the viability of a thawed culture could persist over a reasonable period of time needed for mail delivery. For this purpose, multiple ampoules of the frozen Moulton strain at ATCC were thawed and then mailed t o WRAIR where they were received the next day and held at room temperature for 6 additional days. They were then opened, and their contents were pooled and diluted t o lo-'. Each dilution was subcultured to Fletcher medium; the lo-' and dilutions were inoculated into hamsters by using previously described methods. Leptospiras were recoverable in culture from all dilutions tested. The two dilutions tested provoked fatal infections in hamsters. The storage of stock cultures of leptospiras at national culture collections appeared to be practical. Therefore, between 7 November 1967 and 15 February 1968, the 14 most frequently used serotype strains of leptospiras were deposited and stored at the ATCC in the manner described above. Up t o 30 July 1971, 48 cultures of leptospiras representing 8 strains were distributed by the ATCC, and only two complaints of nonviability were received. However, a check of cultures from the batches from which the reportedly nonviable cultures originated showed that the cultures in stock are viable.
DISCUSSION
Our findings confirm and extend those of Resseler and van Riel (8) and Torney and Bordt (12) who reported that leptospiras can be preserved successfully by the use of liquidnitrogen refrigeration.
At first, glycerol was selected as a cryoprotective agent because it has been commonly used as an ingredient in leptospiral media (1 1). Furthermore, in preliminary qualitative tests, motile leptospiras could still be found in cultures in Stuart medium after the addition of glycerol to 5 or 10% final concentration and a 6-day holding period at room temperature. Exposure of leptospiras to glycerol concentrations of 15 and 20% resulted in a loss of motility of all leptospiras. Linscott and Boak (4) previously reported the immobilizing effect of 15% glycerol on leptospiras. They further reported that 5% glycerol was less toxic but inhibitory. The possible grow th-inhibitory effect of 10% glycerol did not obviate its usefulness as a cryoprotective agent for leptospiras grown in either a 10% serum medium (Stuart) or in the EMJH medium which contains approximately 1% bovine albumin and 0.1% polysorbate (Tween 80) in lieu of serum. The relative advantages of these two media in supplementing the cryoprotective properties of glycerol or in limiting its growth-inhibiting effects were not determined. The successful recovery of leptospiras from thawed cultures in Stuart medium after delayed holding periods under experimental as well as applied conditions was further proof that glycerol in 10% concentration was an adequate cryoprotective agent. Tests subsequently conducted by Stalheim (9) also affirmed the efficacy of 10% glycerol as a cryoprotective agent. The quantitative viability data in this study were comparable t o those of Torney and Bordt (12) , although their cooling rates ranged from 1 to 5 C degrees per min, whereas we used cooling rates of 35 or 60 C degrees per min. Freezing of cultures resulted in a 1-t o 2-log decrease in viability titer in both studies. The preservation of leptospiras could probably be enhanced by tests t o establish the optimum cooling rate and optimum level of glycerol or other cryoprotective agent.
Leptospiras were preserved equally well in the vapor-phase portion (-168 C) and in the liquid phase (-196 C) of a liquid-nitrogen refrigerator. When stored at temperatures above -100 C, viable leptospiras have not been recovered consistently even when cryoprotective agents suitable at lower temperatures were used. Equivocal findings on the effects of storage temperatures in the range above -79 C have been observed with other microorganisms ( 5 ) . We prefer to use the vapor portion of the liq uid-nitrogen refrigerator primarily because the explosion hazard in the thawing of cultures is reduced and secondly because it allows the use of screw-capped vials in lieu of hermetically sealed ampoules t o contain the culture. The screw-capped vials do not require a special sealing process, they are safer and easier t o handle, and are sturdier than sealed ampoules.
The effect of age of culture on the survival of leptospiras after freezing and storage by liquidnitrogen refrigeration was not determined. The age of the cultures used in this study at the time of freezing ranged from 4 t o 8 days. Torney and Bordt (12) froze 7-t o 9-day-old cultures. Thus it appears that cultures in the late logarithmic phase of growth (i.e., 4 to 9 days for leptospiras) may be used for preservation by liquid-nitrogen refrigeration. Otsuka and Manako (6) reported that 7-to 14-day-old cultures had a high survival rate after freeze drying, whereas those 21 days or older had poor survival. Thus it would appear that stationary-phase leptospiras would similarly be less likely t o survive freezing and storage in liquid-nitrogen refrigerators.
A critical factor for the successful preservation of leptospiras in liquid nitrogen is cell concentration. In this study, failures t o recover leptospiras culturally after long-term preservation, other than those related to bacterial contamination, were attributable to sparse concentration of leptospiras at the time of freezing. Concentration of cells was also found to be a critical factor for successful recovery of leptospiras preserved by freeze-drying (6) .
Our selection of the specific conditions for
